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ABSTRACT

This report deals with the testing of seven large welded steel
specimens similar in design to a square hatch corner of a ship. These were
the last seven in a series of 26 such sbecimens which were tested to deter—
mine the performance of seven types of steel when built into a welded _
strﬁcture which had severe restraint to plastic flow due to a designed dis-
continuity. One of the last seven specimens was constructed of a 3~1/3 per
cent nickel alloy steel and two from a low carbon steel having 0.82 per cent
manganese, The others were made of three grades of plain carbon ship
quality steel. Preheating at /.;OOo F was used on three of the specimens.

The effect of preheating was very beneficial. The specimen con-
structed from nickel steel absorbed rather little energy before faiiﬁre.
This was attributed to the high yield strength of this material which pre-
vented plastic flow of the plate before failure of the welded joints,

Conclusions based upon all of the tests on hatch corner type

specimens are included along with recommendations for further work,
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INTRODUCTION

Starting November 1, 1944, a program of rescarch was undertéken
by the University of California under a contract with the NDRC having as
.its title "Cleavage Fracture of Ship Plate as influenced by Design and
‘Metallurgical Factors (NS-SSS)." Work under this @rojqct continued up
. to August 31, 1945, and was divided into two parts as follows:

A. A determination of the influence of metallurgical factors
and temperature on the cleavage ffacture of ship plate
containing internal notches.

B. The dotermination of tho effect of variation of material
and temperature on the tendency for cleavage fracture of
welded structural spocimens containing a discontinuity,
such as hatch corners,

Part B of this projecct involved the design and testing of full

scale ship sections in. order to:

a. Obtain o spceimen spproximating an actual section of a ship,
whorein rcstraint to plastic flow is provided by fho inherent
geometry of the structurc rather than by artificially induced
notches.

b. Correlatc the effccts of temperature, stoel, and stress
rclief on these specimens with results obtained on flat
plate tests by other investigators.

Since Septembor 1, 1945, this work hos been continued by the

University of California under a contract with thoe United States Navy,

Contract NObs-31222,
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2.

In previous reports,1'2 published by the Office of Scientific
Research and Development, aocounts were given of the development of a
hatch corner type specimen containing a corner which had considerable
restraint to plastic flow, and of the testing of-thir,teen of tﬁese
specimens, A previous Progress Report of work donevunder U, S. Navy
Contract NObs—-312223 gave the results of tests on six additional spéci-
ments and some investigations into the effects of preheating.

This report covérs the tgsting of seven additional full scale
hatch corner type specimens which concluded the work done under the ex-
isting contract. This report makes use of the data given in the three
reports mentioned above, so that conclusions may be drawn based upon all

the work done to date on the hatch corner type specimens.

1,2 See Bibliography

3 Ses Bibliography



PROCEDURE

The design of tho full scalc hatch corner type specimen is showm
in Fig. 1. Details of the welding procedure may be found in previous
repor’cs.z'3 The analyses and strength properties of the seven steels
which were used are givoﬁ in Tables I and II.

The specimens which were tested arc listed in Tables III and IV.
This report is concerned particularly with specimens 20 to 26; inclusive.
In making specimens 20, 21, and 23, prcheat was used for all welds within
two feet ﬁf the corner of the hatch. IHeating torches were used to raise
tho temperature of the plates within threc inches of the welds to 400° F.
The temperature was not allowed to fall below this value wntil welding
was completed. In making specimen 22 the prcheat temperature was only
100° T. This amount of preheating was used only as a precaution to
avoid cracking since a nickel allqy steel and 25-20 electrode were involved.

It was necessary to conduct two tests on specimen 21. On the
first test failure of the aft end connection occurred when the nominal
stress had reached 33,000 psi. At this point small cracks had appeared
in the welds at the corner of the hatch. The specimen was removed from
the machine and a new end tab attached, It was then retested to failure,

Strain gages were attached to the specimens at the locations
shown in the small drawings at the bottoms of Tables III and IV, as had
been done in previous tests. Readings of these gages wore taken at
loads of 0; 100,000; 200,000; 300,000; 600,000; 1,000,000; and
1,200,000 pounds. Beyond 1,200,000 pounds the readings of four gogos
were followed continuously up to failure, or until the gages became
inoperative,

Over-all cnergy absorption wos determined by taking pin-to-pin

. . . . . 2
strain measurements, using the method discussed in previous reports. »5
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RESULTS

The results of the tests of uwentyas1x speclmens are tabulated in
Taoles III and IV. It is felt that in order to interpret the energy absorotlon
values shown in these tables only the values correspondlng to fallure of the
longltudnnal to hatch end beam 301nt should be con51dered For specimens where
cleavage fallure occurred this also correSponds to failure of the deck, However,
where shear fractures occurred 1f this method of 1nterpretation is not used the
"at fallure" energy values become meanlngless since they depend upon how far the
tear was caused to progress across the deck belore stopplng the test, ThlS
dlstance was not the same in eny two cases of shear fracture since in those tests
which were conducted at low temoeratures the specimen was enclosed in a wanvas
bag and could not be seen untll the longltudlnal girder JOlnt ‘had falled and the
test was stoppedo

Photographs of the failures in specimens 20 to 26 are shown in_Figs.
2 to L1, 1nclu51ve. The load—straln curves for these specimens are shown In
Fig. l2. | o

o Referriné to'SDecimens Zdithrough 2&; the beneficial effectslof

hOO F preheau are again apparent, Specimen 20 was essentially the same
as spe01men 8 but reached over 5,000 pSl hlgher maximum stress. The eneréy
absorptlon of tnls spec1men was very outstandlng, being about 23 per cent
greater than that for any other soec1men° Slmllarly,in the case. of
Speclmen 21 as compared with speclmen L, about__?QOOO psi greater h

stress was withstood when preheat was used. Again in the case of
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specimens 23 and 24 the use of preheat resulted in about 4,000 psi greater
max1mum stress even though the non-preheat specimen was a shear fracture.
It should be noted that in the cases of steels c, B, and D, where preheat
and nonnpreheat specimens were tested at the same temperatures the in-
creases due to preheat are from 18 to 36 per cent.

Preheating also appears to produce much grcatcr unlformlty of

. breaklng stresses for spocimens made of the various plain carbon stcels.
For spcelmens made of steels B, C, D, and H, with type E- 6020 electrode
:w1thout prehcat the maximum strosses varled from 23 200 psi to 31,200 psi,
.a rango of 8 OOO psl.. .For specimens made from these same steels with
4000 prcheat the vquatron in maximum strerses.wos only from 52 ,400 psl'
to 35,400 psi, a rangc of 3,000 psi.

It will be noted that 1n the case of specimen 21 the pax1mum
stross reachcd durlng thc flrst tost wa s sllghtly higher than for the
second test where failure occurred. Lhe exact causc for this is not
known but it may be due to strain age cmbrlttlement 51noo the retest w
about two Weeks after tho flrst onc. The load strain curve, shown in
Fig. 42, 1ndlcatcs that th1s specimen was very ncorly at its max1mum.
p0551blc load when thc fallure of the end tab ocourred.

Whllb the nomlpal breaking stress of speolmen 22 mudo w1th "N"
stecl, is cons1dcrab1y grcatcr than was obtalned with tho other steels
the cnorgy absorption was much 1oss than for soveral of the speceimens medo
with the plaip carbon stools. .This situation.is net surprisipg-whon onc
considors that the yield strength of this "N" steel was around 48,000 psi
and that failure of thc spocimen was brought about.by failurc of the
weldod joints. The yicld strongth of the plate was so high that the

over-all stross in the spceimon reached a high cnough value to causec
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failufe of the weld joints before the plate was subjected to a sufficiently
high stress to bring about much plastic flow. Thué in this case the
energy absorbed wes the result of a rathér high load anﬁ very little elong-
atioh; This can 5é'seen in Pig. 42 which shows thelload-strain curve
for‘this specimen; | The performanée of this specimen indicates fhat if

if is desirable fo have high energy absorption iﬂ a wélded stfucfure,

the use of alloy steel having ratﬁer high yiéld Strength and excellent
impact.propertieé is of iittle use uﬁléss the pefforﬁancé of the welds

also is impfo?ed greatly.

A further indication of the effectiveness of prehcating is obtained

nominal bresking stress of the hatch corner specimen ..
¥ield point stress of the material ‘

by cbmputing the ratio
for specimens made with and without preheat. Some of these are as follows:

Steel C, no preheat, tested at 68° F, cleavage fracture; ratio = 0.68

Steel C, preheat, tested at 70° F, cleavage fracture; ratio = 0,93
Steel N, no preheat*,tested gt 35° F, shear fracture; ratio = 0,86
Steel H, no preheat, tested at 72° F, shear fracture; ratio = 0,69
Steel H, preheat, tested at 31° F, cleavage fracture; rAtio = 0,32

As moy be seen in Fig. 28 the cleavage fracture in specimen 23 cx-

tended through the 3 in. x 3 in. bar which was attached to the outhoard edge

of the spocimen to permit the attachment of transverse restraining beams.?2 »5

This bar had also fracturedin specimen 2., However, in the case of specimen
23 this fracture was unique in that the orack went outboard in the deck plate
to the outer edge and then inboard through the 3 in. x B in. bar.

The deck and doubler plates of specimen 24 were slightly leminated

but it was not felt that this affected the test results.

* 25-20 electrode used.
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Fig. 43 shows the enorgy tomperature relatlonshlp based upon the
enorgy values corresponding to the failure of the longitudinal joint for
speclmens 10 14, 25, and 26.  This eurve indicates that the transition
temperature for steel "C" when built into the hateh corner type specimen
“is about 85° hlgher than when determined by Keyhole Charpy tests. The
fracture obtained on specimen 26, as shown in Fig. 41, is of partioular
inkerest since it started in cleavage, changed to shear, then back to
cleavagé, later going into shear again and then back into cleavage with a
small amount of shear at the fracture edges. Although the end of the
fracture was predominantly cleavage it did not progress entirely across
the specimen but stopped about 12 inches from the outbooard edge. At the

;‘point where it stopped there was considerable local plastic flow.

Vopaed

.

Pt



8.
CONCLUSIONS

Fonoten

Those conolusions aro basod upén all of the work done’dén hatch
corner typd-spéciﬁons under OSRD Contract ORlisr-1418 and‘U.né;‘ﬁﬁvy'"

Contract NObs-31222.

1. ‘_ Fracturcs éuch as occur in wolded éhips'oanbbe ronBduccd, both
as to fracture type and reduction in tﬁidkﬂéﬁé;'fn'laboratory typc tosts

of full sealc hatch corncr typc specimens.

2. The nominal breaking stress over the load cerrying arca of the
hoteh corner type specimens was as low as 39 per coent of the nominal

vltimate strength of tho matcrial as determined by ordinary tonsilc teosts.

3. The full seale models werc not as strong.in prébortion as gquartor

sealo models (24,000 vs; 36,100 psi nominal breaking stresé.)

4. Heat treatment of o hatch cornor type speeimon for 8 hours at
lQOOQ F after welding with typc E-6020 clcotrode gives about a 25 per cont.”
increasc in strength,. Such trecatment docs not, hovcycgg change the type
of fracture and docs not give as great an inorcase ih strength as can be
obtainod by using preheat at 400° ¥ during wolding.  Tho post heat troat-
ment docreaéosngge?h;;éﬁcsé of the wold ond the heat afféétea'zono ond

alters the microstructurc but not as much as préhedting at 460°'F;

5. The use of-25-20 ¢lectrode in such a structure increoses the

broaking strength by about 15 per cent as compared to E-8020 electrode.

6. When these specimens foiled with cleavage type fracturcs, the
strengths at. room temporaturcs were slightly greater then whon tested at

32 F,
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7. The only steel which produced a shear type fracture at 32° F when
built into a hatch corner type speéimen’ﬁds steel "N" containing abeut

8-1/8 per cent nickel.

8. . When fabricated with preheat at 400° F ond tested at temperatures

which produced a shoar type fracture, steel "B" vas outstanding for its

ability to absorb energy.

9. It is possible to obtain good coerrclation between the transition
temperatures of steels in the hatch correr type specimens and in "tear

test" specimens.

10, The use of preheating ot 400° F *6.g the most effective procedure
tried, both as te ihcréasing strength and cnergy absorption, being mofe
effective than pest welding heat treatment at 1000° T for 8 hours or the

use of 25-20 électrode. | Maximum‘gt;ength wes increasced from 18 to 36 per’
cent by this érocedure. The performance of thc welds was greatly improvea.'

Preheating does not appear te influence the type of fracture.

11, Keyhol§~0harpy tests over é range of-femperatures appear to.rééé.
the various steels in the same order relﬁtive-td-transition temperatgréf .
as do the full scale hatch corner tests. Hb@ever, the transition temper; “
atures for the steels when tested as hatch corfjer specimens are consider-
ably higher than for Keyhole Charpy specimens. For steel "C" this

temperature difference is 80° to 90° F.

12. Preheating at 400O F_resultsrin a softer weld and heat affected

zone, gives a wider heat affocted zone and produces a different micro- S £

structure than is found when welds are not preheated.
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13, ‘Vhen a steel having a considerably higher yield point (such as
steel "N") than low carbon sseel is used in a rigid and complex structure,
such as the hatch corner type specimen, the energy absorption may be less
than that obtained from the use of low carbon steels fabricated with preheat.
This is due to the fact that the welded joints fail before the stress has
become high enough to produce any considerable amount of plastic flow in

the steel, In order to obtain maximum benefit from the use of such higher
strength steels in welded construction the performance of the welded joints

must be improved.

L. The substitution of riveting for welding in the hatch corner
type specimens did not give as high nominal breaking stress but did result
in greater energy absorption than was obtzined by welding without preheat.
Although cleavage type fractures were obtained in the riveted specimens, in
no case did they progress farther than the second rivet hole whereas in the
welded specimens cleavage fracture alweys resulted in complete fracture of

the deck and doubler plates.

15, The use of a highly notch resistgut steel ( steel "N") welded
with 25-20 electrode did not result in a& high energy absorption as was
obtained with a low carbon, less notch resistant steel welded with type

E-6020 electrode with preheat at LOOPF,
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RECOMMENDED FUTURE WORX
1. It appears desirable to test at 32° F a spocimen constructed with
steel "B" using preheat at 400° F.  Beccuse of the cubtstanding energy
absorption of specimen 21, which failed with a shear type fracture, it
* would be interesting ‘o know what the energy absorptien would be at this
lower temperature even though a cleavage type fracture would probably

result.

2. Fuwrther investigations to determine the effects of precheating are
most desirable, The results obtainedvon this project indicate that pre-
heating produces greater bernefits than are obtained from post welding heat
treatment at 1000° F. In view of the nany applications where post welding
heat treatment is impracticable, or wvery costly, preheating should be fully
investigated, Its offect upon energy absorption is of considerable im-

portance in many naval applications.

3. Further studies should be made toward improving design details of
various components of ship censtructien. The possibility of introducing
more flexibility into welded joints and the prevention of severe restraint

should receive careful consideration.

4, In order %o determine the mammer in which strength varies with
size it would be desirable to construct and test a ene-half scale hatch
corner type specimen to bridge the gap in the deta now on hand for one-

querter and full scale specimens.

5. It would be desirable to test a hatch cormer type specimen the
samo as the existing specimen except having the longitudinal girder con-

tinuous instead of the hatch end bean.



TABLY I

Analysis of Steels

Steel % C %. M. % P % 8 % Si. 7 Mo.
A* 0423  0.47 0.011 0,042 0,02

B 0.15 0.76 0,010 0.030 0,04

c* 0.24 0,49 0.015 0,033

D 0.19 0.52 0.01% 0,02 0.24

E* 0.23  0.39 0.019 0.032 0,008

H 0.17 0,82 0,022 0,024 0.15 0.40
n* 0,13  0.49 0.018 0,027 0,22

*

% %

Supplierts analysis

Supplied by S. Epstein,

Bethlehem Steel Company

14,
% Ni. % Al
0.056
3.34



TABLE IT

Tensile and Hardness Properties

Steels for Hatch Corner Specimens

Plate No. Direc. Tensile Data (505 Bars)
Yield Ulitimate Break Elongation
(Psi) (Psi) (Psi) (¢ in 2m)

A-57 Long, 35,500 61,200 47,400 39.5

' Trans. 38,100 60,400 48,800 36.2

B-1 Long. 35,050 56,900 38,600 4049
As rolled ~Trans. 34,000 57,000 47,500 39.6
B-6 Long. 36,900 59,500 43,400 39.3
Normalized Trans. 36,500 57,200 43,500 38.5
c-1 Long., 35,230 68,700 55,300 36.0
Trans. 35,750 68,000 57,050 33.6

D-2 Long, 37,800 63,700 46,900 37.2
Trans. 40,600 63,600 48,600 36.6

E-2 Long, 35,000 58,900 45,300 37.2
Trans, 35,300 58,200 1&6,200 35-6

Tensile Data (Full Thickness)

A-57 Long. 35,100 61,400 47,900 49.2
: Trans, 34,800 59,800 49,000 46,1
B-1 long. 31,000 56,500 43,700 53.2
As rolled Trans. 31,400 56,400 45,600 48,7
B-6 Iong. 32,200 56,900 41,100 52.0
Normalized Trans, 32,000 56,500 43,400 51.6
c-1 Long. 37,500 66,500 53,600 L5.5
Trans. 34,100 66,200 56,600 32.5

Trans, 36,100 60,500 47,600 L6.4

E-2 Long. 31,400 57,200 44,500 49.1
Trans, 31,000 56,600 45,600 L5.5

H-1 Long. 37,000 63,700 43,0
Trans. 33,900 63,200 41.5

H-2 Long. 37,500 63,900 44,0
Trans., 34,000 63,000 L0,5

N-3 Iong. 58,000 82,000 38.0

Trans, 52,750 83,300 32.5

Reduction

in Area (%)

15

Hardness

(Roekwell
npn)

5946
56.3

67.6
58.6

64.0
63.0

59.6
52.5

62‘8
59.6

59.6
58.0

5847
56.3
66.6
58.4

64,0
60.5

5645
50.4

62.3
59.2

59.1
58.0

68.6
59.0
67.2
60.0

61.5
54.0

62

64

71

70

70

85
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Fig.
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Fig. 3 Specimen 20: View of fractures from below deck,

Specimen 20:

outboard, and e¢ft of hatch end beam

LONG I TUOINRL C‘a;fh/y@

View of fracture in corner from inside of hatch
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Fig. T Specimen 20: Deck and doubler fracture patterns, looking f'wd.

Fig. 8 Specimen 20: Deck and doubler fracture patterns, looking aft
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Overall view, below deck

Fig. 10 Specimesn 21:

Overall view, above deck

Specimen 21:

Fig. 9



Fig. 11

TION OF

Fig. 12

Specimen 21:

Specimen 21:

T

Fractures at

7”.5'.5'7‘- :

corner viewed from above

Fracture pattern in doubler, looking fvd.
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NOTE: I'1E STRAPWELDED ON
VETER T'EST "0 ENABLE SPECI
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Fig. 13 Specimen 21: Fractures viewed from below deck,
outboard, and aft of hatch end beam

of hatch

Fracture in corner viewed f'rom inside

Fig. 14 Specimen 21:
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Overall view, below deck

Fig. 18 Speoimen 22:

Overall view, above deok

Fig. 16 Specimen 22:
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Fig. 17 Specimen 22: Fracture in doubler viewed from above

Fig. 18 Specimen 22:

Fracture in deck-hatch end beam weld viewed from
below deck, outboard, and aft of hatch end beam



Fig. 19 Specimen 22: Fracture in corner viewed from inside of hatch

Fig. 20 Specimen 22:

Fractures viewed from outboard,
below deck. and aft of hatch end beam
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Fig. 21 Specimen 22: Fracture pattern in doubler viewed
from different angles, looking fwd.

Fig. 22 Specimen 22: Looking aft at fracture petterns in deck and doubler
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Overall view, below deock

Fig. 24 Speoimen 23:

Overall view, above deok

Fig. 23 Speocimen 23:
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Fig. 26 Specimen 23: Fractures viewed from above deck

Fig. 26 Specimen 23: Fractures viewed from below deck, outboard,
and fwd. of hatch end beam.

LONGI T OINARL
i CORPTING

Fig.27 Specimen 23: Fracture in longitudinal coaming-hatch end
beam weld viewed from below deck, outboard,

and aft of hatoh end beam.



Fig.28

Specimen 23:

Fracture patterns in deck, doubler, and 3" x 3" bar, looking fwd.
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Fig. 32 Spsoimen 24:

Looking aft at fracture patterns

doubler
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Fig. 3% Specimen 24: Fracture in longitudinal coaming-hatch end beam weld
' viewed from below deck, outboard, and aft of hatch

end beam.
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Pig. 34 Specimen 24: Fractures viewed from below
of hatch end beanm

END BERI

deck, outboard, and fwd.
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Fig. 35 Speocimen 25: Fracture in doubler viewed from above
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Speoimen 25: Deck and doubler fracture patterns, looking aft;
and seotion, looking inboard
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Fig. 37 Specimen 25: Fracture in corner viewed from inside of hatch

Fig. 38 Specimen 25: Fractures viewed from below deck,
outboard, and fwd. of hatch end beam
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Fractures in deck and doubler

viewed from above

39 - Specimen 26

Fig.

Fracture viewed from below deck, outboard,

and fwd. of hatch end beam

Fig. 40 - Specimen 26
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Overall view of fractures

Closeup at corner

o

Closeup at end of fracture

Fig. 41 - Specimen 26: Fracture patterns in deck

and doubler, looking aft
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